Abstract. Caspase-8 (CASP8) is a key controller of apoptosis, and its deregulation is crucially involved in carcinogenesis. The aim of the present study was to evaluate the function of CASP8 polymorphisms in oral squamous carcinoma (OSCC) by evaluating the risk associated with three single-nucleotide polymorphisms (SNPs) in a case-control study in a Han Chinese patient population. A total of 505 individuals with clinically diagnosed OSCC and 507 healthy controls were tested for the three SNPs rs3834129, rs13016963 and rs1045485, using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) and DNA sequencing analysis. After adjusting for other confounders, the genotype frequencies of CASP8 -652 6N ins/del promoter polymorphism (rs3834129) were found to be lower in patients with OSCC compared with normal subjects. No significant difference was detected in the genotype frequencies of rs13016963 between the patients and control subjects. However, the AA genotype frequency of rs1306963 was associated with OSCC as a risk factor among non-smokers and non-drinkers. For CASP8, rs1045485 was not present in any of the patients with OSCC or control subjects. These results suggest that the del allele of rs3834129 may play a protective role in the tumorigenesis of OSCC and may be useful as a genetic susceptibility marker for OSCC in the population studied.
Introduction
Previous studies indicate that oral squamous cell carcinoma (OSCC) is the eighth most prevalent type of cancer worldwide (1) , in men and women (2) . Despite considerable investigation and novel therapeutic developments, the 5-year survival rate associated with OSCC is ~50%, which is in part due to the lack of effective biomarkers for early diagnosis and optimal treatment (1, 3) . Therefore, OSCC is a significant public health issue worldwide (4) . A significant number of genetic single-nucleotide polymorphisms (SNPs) have been associated with OSCC (5) (6) (7) (8) ; however, the contribution of these gene interactions in the development of OSCC remains unclear. Therefore, the identification of novel and effective biomarkers is necessary to improve the prognosis of OSCC.
Apoptosis, or programmed cell death, is a crucial mechanism against hyperproliferation and malignancy (9). Apoptosis is predominantly mediated by enzymes known as caspases (9, 10) . Caspase-8 (CASP8) is a key regulator of apoptosis in T lymphocytes and is encoded by the CASP8 gene. However, a previous study has suggested that CASP8 additionally serves certain non-apoptotic functions in cells, such as promoting activation nuclear factor (NF)-κB signaling, regulating autophagy, altering endosomal trafficking and enhancing cellular adhesion and migration (11) . The human CASP8 gene contains at least 11 exons, spanning 30 kb on the highly polymorphic chromosome 2q33-34 (12, 13) . In addition to rare mutations, a number of common variants of the CASP8 gene disrupt apoptosis and enhance the risk of developing various types of cancer, including breast cancer (14, 15) , colorectal cancer (16) , ovarian cancer (17) , prostate cancer (18) and others (19, 20) . The ins/del polymorphism rs3834129 in the promoter region of the CASP8 gene may block the stimulatory protein 1 (Sp1) binding site, and has been associated with reduced susceptibility to various types of cancer, including lung, esophageal, gastric, colorectal, cervical and breast cancers in Chinese individuals (21) . Barrett et al (22) conducted a genome-wide association study (GWAS) among European populations and identified three novel melanoma susceptibility loci, including an SNP adjacent to CASP8 (rs13016963; P=8.6x10 -10 ). In addition, a GWAS study revealed that rs13016963 is a significant susceptibility locus for esophageal squamous cell carcinoma in Chinese individuals (23) . The SNP rs1045485 (Asp302His), which is located in the CASP8 gene, has been investigated in previous studies, and the results suggest that this locus is associated with breast cancer and prostate carcinoma (18, 24) .
The aim of the present study was to determine whether the CASP8 -652 6 N ins/del polymorphisms rs1045485 (Asp302His) and rs13016963 are associated with an increased risk of OSCC. To test this hypothesis, the polymorphisms Caspase-8 polymorphisms and risk of oral squamous cell carcinoma were genotyped and their associations with OSCC risk were assessed in a hospital-based, case-control study of Chinese patients. (25, 26) . All subjects were informed of the detailed study protocol, required to sign consent forms and instructed to complete a standardized questionnaire that was conducted by two trained interviewers. The detailed standardized questionnaire completed by the patients was described previously (6) . The ethics committee of Sichuan University and all of the participating patients signed written consent forms prior to the collection of samples. The characteristics of the case group and control group are shown in Table I and clinicopathological characteristics of the case group are detailed in Table II. DNA extraction and genotyping. Blood samples were extracted from all of the participants by peripheral antecubital venous puncture and stored at -20˚C until required for analysis.
Materials and methods

Patients
Genomic DNA was extracted from the samples using a previously described salting-out method (27) . The DNA concentration of each individual sample was determined using a NanoDrop ND 1000 spectrophotometer and NanoDrop software, version 2.4.7c (NanoDrop Technologies Inc., Wilmington, DE, USA). The details of the genotyping method used for rs1045485 and rs3834129 are described in previous studies (28, 29) . The CASP8 genotype rs13016963 was determined via polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The PCR primers were designed on the basis of the National Center for Biotechnology Information dbSNP database reference sequence (http://www. ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=13016963). The PCR reaction mixture consisted of 2.5 µl 10X PCR buffer, 0.1 mM/l dNTPs, 1 mM/l MgCl 2 , 2 U Taq polymerase [Tiangen Biotech (Beijing) Co., Ltd., Beijing China], 10 ng genomic DNA, 0.4 pM/l of each primer (forward, 5'-GTG CCG AGG CTC AGG CTA GAG GAA GGA AAC ATC CGC-3'; and reverse, 5'-TTT CCC CAC TAT TGA GGT AA-3') and sufficient ddH 2 O to increase the volume to a total of 25 µl per reaction.
PCR products were each digested with 3 units of the specific endonuclease Bsh1236I for 2 h at 37˚C. PCR and digestion products were analyzed via electrophoresis in 2% agarose gels using TAE 1X buffer in runs of 20 min at 120 V; the gels were subsequently visualized by staining with ethidium bromide and images were captured using Tanon 1600 Gel Imaging system (Tanon Science & Technology Co., Ltd., Shanghai, China). To confirm the genotyping results, Sanger sequencing was conducted by Sangon Biotech Co., Ltd. (Shanghai, China), and the results were 100% concordant. Product sizes were 175 bp for the A allele and 140/35 bp for the G allele (Fig. 1) . After each genetic polymorphism had been genotyped, 10-15% of the samples in each genotype group were randomly selected for Sanger sequencing to validate the results (Fig. 1) . Sanger sequencing results were consistent with those of the RFLP analysis.
Statistical analysis. The genotype frequencies of rs3834129 and rs13016963 in the patients with OSCC and control subjects were compared using the χ 2 test. Odds ratio (OR) with a 95% confidence interval (CI) was estimated using unconditional logistic regression. The adjusted odds ratios (AORs) with 95% CIs of the association between genotype frequencies and OSCC susceptibility were estimated using multiple logistic regression models after other covariates, such as age, gender, smoking and drinking, were controlled. The observed genotype frequencies of CASP8 polymorphisms in the control subjects were analyzed to determine deviation from Hardy-Weinberg equilibrium using Power-Stats software (Promega Corporation, Madison, WI, USA). P<0.05 was considered to indicate a statistically significant difference. SPSS software, version 11.5 (SPSS, Inc., Chicago, IL, USA) was used to perform all statistical analyses. SHEsis software (http://analysis.bio-x.cn/SHEsisMain.htm) was used to analyze linkage disequilibrium (LD) (30). Lewontin's D' (31) and r2 (32) were calculated between each pair of SNPs.
Results
Study groups.
The frequency distributions of the selected characteristics of the case and control groups are presented in Table I . Statistical data indicated no significant differences in gender and age between the patient and control groups, but showed significant differences in smoking (P<0.001) and drinking (P<0.001; Table I ). Increased numbers of smokers were present among the case group patients (60.2%) compared with the control group subjects (32.5%; P<0.001). In addition, more drinkers were included in the case group (54.5%) compared with the control group (41.2%; P<0.001).
Regression analysis. Multiple logistic regression analyses were conducted for rs3834129 (additive, ins/del vs. ins/ins and del/del vs. ins/ins; dominant, ins/del + del/del vs. ins/ins; recessive, del/del vs. ins/ins + ins/del) and rs13016963 (additive, AG vs. GG and AA vs. GG; dominant, AG/AA vs. GG; recessive, AA vs. GG/GA). rs1045485 was not detected in any of the patients with OSCC or control subjects. Therefore, this SNP was excluded from subsequent analyses. The AORs and 95% CIs of the genotype distributions of rs3834129 and rs13016963 associated with the susceptibility of OSCC between the case and control groups are shown in Table III . No significant association was observed between genetic polymorphisms of rs1306963 and oral cancer in additive, dominant and recessive models (Table III) . However, the AA genotype frequencies of rs1306963 were significantly associated with OSCC in additive (AA vs. GG, 95% CI, 1.045-3.052) and recessive models (AA vs. GG + AG, 95% CI, 1.199-3.089) in non-smokers (Table IV) . In additive and recessive models, the AA genotype was associ-ated with a significantly higher risk of 1.834-fold (AA vs. GG, 95% CI, 1.052-3.199) and 2.127-fold (AA vs. GG/AG, 95% CI, 1.298-3.487) among non-drinkers (Table V) .
The genotype frequencies of rs3834129 were found to be significantly associated with OSCC in the additive, dominant and recessive models (Table III) . The frequencies of the rs3834129 genotypes containing the del allele exhibited significant differences of 0.613-fold between patients and control subjects in the dominant model (ins/del + del/del vs. ins/ins, 95% CI, 0.467-0.806). In the additive model, ins/del and del/del genotypes were associated with a significantly lower risk of 0.447-fold (ins/del vs. ins/ins, 95% CI, 0.235-0.850) and 0.640-fold (del/del vs. ins/ins, 95% CI, 0.482-0.851). In the recessive model, del/del genotype was associated with a 0.528-fold lower risk (del/del vs. ins/del + ins/ins, 95% CI, 0.281-0.993).
The genotype frequencies of rs3834129 were significantly associated with OSCC in men and women in the additive and dominant models (Table VI) . In the additive model, the del/del genotype was associated with a significantly reduced risk of 0.687-fold (del/del vs. ins/ins, 95% CI, 0.477-0.989) in men and 0.582-fold (ins/del vs. ins/ins, 95% CI, 0.325-0.961) in women. In the dominant model, the frequencies of the genotypes containing the del allele in the OSCC case group showed significant differences of 0.652-fold (ins/del + del/del vs. ins/ins, 95% CI, 0.458-0.928) in men and 0.549-fold (ins/del + del/del vs. ins/ins, 95% CI, 0.341-0.883) in women compared with he control group (Table VI) . No significant association between rs13016963 and OSCC was observed in either gender. In addition, no significant association was identified for rs3834129 and OSCC in the recessive model in women (Table VI) .
The genotype frequencies of rs3834129 were significantly associated with OSCC in smokers in the dominant model (Table IV) . The genotypes containing the del allele were associated with a significantly lower risk of 0.627-fold (del/del + del/ins vs. ins/ins, 95% CI, 0.415-0.949). In additive and dominant models, the genotype frequencies of rs3834129 were significantly associated with OSCC in non-smokers (del/ins vs. ins/ins, 95% CI, 0.440-0.973; del/del vs. ins/ins, The genotype frequencies of rs3834129 were significantly associated with OSCC in non-drinkers in the additive and dominant models (Table V) . In the additive model, the del/del genotype was associated with a significantly lower risk of 0.336-fold (del/del vs. ins/ins, 95% CI, 0.138-0.817) and 0.596-fold (ins/del vs. ins/ins, 95% CI, 0.401-0.886) in non-drinkers. In the dominant model, the frequencies of the genotypes containing the del allele were significantly different by 0.553-fold (ins/del and del/del vs. ins/ins, 95% CI, 0.378-0.809) in non-drinkers in the OSCC case group, as compared with the control group in non-drinkers. Furthermore, the genotype frequencies of rs13016963 were significantly associated with OSCC in non-drinkers in the additive and recessive models (Table V) . Among non-drinkers, the AA genotype was associated with a significantly higher risk of 1.834-fold (AA vs. GG, 95% CI, 1.052-3.199) in the additive model and 2.127-fold (AA vs. GG and AG, 95% CI, 1.298-3.487) in the recessive model (Table V) .
The LD values of rs3834129 and 13016963 were evaluated using SHEsis software. No significant LD was observed for the two loci rs3834129 and 13016963; the r2 value was 0.003 and the D' value was 0.107. Analysis using PowerStats software revealed no marked deviations (P>0.05) from the Hardy-Weinberg equilibrium for the two loci (rs3834129, P=0.9228; and rs13016963, P=0.1225). The statistical power in the present study was >80%, with an estimated OR of 2.0 (rs3834129, 83%; rs13016963, 87%).
Discussion
OSCC is among the most common malignancies of the oral cavity (33) . To date, no reliable methods have been developed to indicate the OSCC risk of an individual. However, until now, there are no solid methods to warn against OSCC risk. Genetic diagnosis has attracted more attention in recent years (34) . The aim of the present study was to identify new suitable biomarkers or genes that are able to indicate the physiological state and alterations in cells prior to or during the pathogenesis of OSCC, in order to provide early and accurate prediction and diagnosis for patients with OSCC, particularly in the early stages (35) .
Apoptosis is an crucial physiological mechanism that eliminates cells with unrepairable DNA damage, and thus sustains homeostasis. Apoptosis occurs via two mechanisms: The death receptor Fas/FasL (also known as extrinsic) pathway and the mitochondrial (DNA damage-induced and p53-mediated, also known as intrinsic) pathway (36) . CASP8 participates in the FAS-FAS ligand mediated extrinsic (death-receptor) pathway (37, 38) , while additionally interacting with the BH3 interacting-domain death agonist protein to influence the OR with 95% CIs were estimated using unconditional logistic regression. intrinsic (mitochondrial) pathway, which functions through caspases (39) . However, CASP8 has also been observed to serve a number of non-apoptotic functions in cells, such as promoting the activation of NF-κB signaling, regulating autophagy, altering endosomal trafficking and enhancing cellular adhesion and migration (11) . Therefore, depending on the specific cellular context, CASP8 may potentiate or suppress tumor malignancy. Molecular epidemiological studies have suggested that SNPs may contribute to the susceptibility of an individual to OSCC by affecting enzyme expression levels or enzyme activities (40) (41) (42) . However, the association between SNPs and major apoptosis regulatory caspase genes in OSCC remains unknown (43) . The CASP8 promoter -652 6 N del allele substantially affects the promoter activity of the CASP8 gene, as this allele destroys a binding element for Sp1, resulting in reduced apoptotic reactivity in T lymphocytes following stimulation by cancer cells or phytohemagglutinin in an ex vivo model (44) . Alternatively, reduced cell apoptosis involved in the antitumor process may provide protection against cancer (44) . A previous study reported that -652 6 N ins/del polymorphism is able to influence the risk of multiple cancer types, including cancer of the lungs, esophagus, stomach, colorectum, breast, and cervix in Chinese populations and cutaneous melanoma in Caucasian populations (11). Li et al (44) reported that the six-nucleotide deletion variant in the CASP8 promoter region is inversely associated with the risk of squamous cell carcinoma of the head and neck in non-Hispanic Caucasian populations. However, studies on breast cancer in Europe and colorectal cancer in the United Kingdom have not yet confirmed such an association with cancer risk (45, 46) . Furthermore, Haiman et al were unable to replicate the results of the CASP8 polymorphism associated with the risk of cancer of the prostate, breast, and colorectum in multiple US populations (47) . However, the results of the present study indicate that the CASP8 -652 6 N ins/del polymorphism is reversely associated with OSCC risk in a Chinese population, which is consistent with the findings reported by Sun et al (21) and Li et al (44) in Chinese populations. rs13016963 is a rarely studied locus adjacent to CASP8 (22) . A GWAS indicated that rs13016963 was significantly associated with the risk of melanoma in French and UK populations (P=8.6x10 -10 ; OR, 1.14; 95% CI, 1.09-1.19). Using GWAS data, Abnet et al (23) identified an association between esophageal squamous cell carcinoma and 2q33 that achieved genome-wide significance. The strongest signal was for rs13016963, with a combined OR (95% CI) of 1.29 (1.19-1.40) and P=7.63x10 -10 in a Chinese population. Abnet et al further suggested that future studies of esophageal cancer and other cancers should focus on the comprehensive sequencing of this 2q33 locus and functional analysis of rs13016963 and other strongly correlated variants.
In the present study, common SNPs for CASP8, namely rs3834129, rs13016963 and rs1045485, were selected to evaluate the susceptibility of patients with OSCC and healthy control subjects. To the best of our knowledge, the present study is the first to investigate rs13016963 polymorphisms without available genotype data from the SNP database of the National Institute of Health (http://www.ncbi.nlm.nih.gov/projects/SNP/). In addition, none of these polymorphisms was identified in the Han population of Sichuan province that was included in this study.
In the present study, no significant difference was observed in the genotype and allele frequencies of rs13016963 SNPs between patient the and control groups. However, the AA genotype frequencies of rs1306963 were significantly associated with OSCC in non-smokers and non-drinkers. These results corresponded well with those of previous GWAS studies (22) . The del allele frequency of rs3834129 was significantly lower in OSCC patients compared with control subjects in the dominant model (ins/del + del/del vs. ins/ins, AOR=0.613, 95% CI, 0.467-0.806). The del allele of rs3834129 was significantly reduced in smoking and non-smoking OSCC patients compared with the control group subjects. Furthermore, the genotypes containing the del allele were associated with a significantly reduced risk of OSCC compared with the ins/ins genotype among non-drinkers (ins/del + del/del vs. ins/ins, AOR=0.553, 95% CI, 0.378-0.809; ins/del vs. ins/ins, AOR=0.596, 95% CI, 0.401-0.886; del/del vs. ins/ins, AOR=0.336, 95% CI, 0.138-0.817). Stratification of OSCC patients on the basis of gender showed that the del allele of the rs3834129 polymorphism exhibited a protective effect in men and women.
In the present study, rs3834129 was found to be associated with a significantly decreased risk of OSCC. This result suggests that the CASP8 -652 6 N ins/del polymorphism may affect patient susceptibility to OSCC and may be used as a biomarker for this disease. Future studies involving a larger sample size and various expression studies are required to evaluate the association between these polymorphisms and OSCC risk.
